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Introduction
Kilimanjaro Christian Medical Centre (KCMC), 
in Moshi, Tanzania, is a referral hospital of approx-
imately 450 beds that employs more than 1000 and 
serves more than 11 million people in northern 
Tanzania (Figure 1). Before July 2009, KCMC was 
without treatment for acute kidney injury (AKI), 
as efforts many years prior to establish such a pro-
gram had been unsuccessful. Because of the lack 
of functioning registries, the incidence and preva-
lence of AKI and chronic kidney disease (CKD) in 
sub-Saharan Africa cannot be reliably quantified; 
however, the prevalence of CKD is estimated to 
be three to four times higher than in developed 
countries, primarily due to hypertension and glo-
merular diseases.1
The focus of this program at KCMC is AKI 
treatment for women of childbearing age and 
children, but men with AKI have also been 
treated. Gravity-driven peritoneal dialysis (PD) 
was chosen because of the ability to deliver dialy-
sis without the need for additional equipment 
beyond consumables, thus reducing cost and 
complexity when used in an acute low-resource 
setting as compared with automated PD or hemo-
dialysis (HD). The development of chronic main-
tenance HD programs in developing countries 
such as Tanzania presents complex financial and 
logistical problems. The development of a treat-
ment program using PD for AKI can be viewed as 
a short-term and relatively affordable service that 
is urgently required for a segment of the popula-
tion. The establishment of sustainable acute PD 
programs is not without its own challenges, but 
its practicality in a low-resource setting makes it 
the best treatment option for AKI until recovery 
of kidney function has been achieved.
Program development
Full commitment from all levels of hospital 
administration is essential, and each operational 
area of the hospital involved in each aspect of 
the treatment should be consulted and assur-
ances given that the additional burdens from 
the program can be handled. Permission for the 
program by the country’s Ministry of Health is 
crucial and may be needed to allow supplies into 
the country. Customs and fees collected along 
the roads can raise the cost of supplies by an 
additional 25%; therefore, any assistance gained 
from the government to ease these costs may be 
vital to the program’s success.
It is estimated that there are about a mere 
120–130 nephrologists in all of sub-Saharan 
Africa;2 this presents the most daunting chal-
lenge to the development of a program. There 
is much goodwill in the international nephrol-
ogy community to assist in the development 
of AKI programs. The International Society of 
Nephrology (ISN), International Society for 
Peritoneal Dialysis, and International Pediat-
ric Nephrology Association and other organi-
zations sponsor training programs. However, 
hospitals are often reluctant to send a much-
needed health-care provider away for training 
for several months or longer.
Program logistics
The essential basis of treatment is trained doc-
tors and nurses. Almost as importantly, patients 
who may benefit from acute PD must have 
access to the treatment; therefore it is critical to 
be able to make a diagnosis of AKI early in the 
disease course so that appropriate management 
and referral to the treating center can occur in 
a timely fashion. Clinicians at primary-care 
levels often need to be trained in diagnosing 
AKI for timely referral to central facilities. 
These providers may initially be physicians, 
but it is foreseen that nurse practitioners, emer-
gency technicians, and others will be trained 
to provide diagnostic services over wide areas. 
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With support from the ISN, we sent two doc-
tors and two nurses for five weeks’ training in 
multiple hospitals in Curitiba and São Paulo, 
Brazil, where active PD programs for AKI and 
expertise in placement of acute PD catheters 
are available. Although five weeks is a short 
time to learn so much, they obtained hands-
on experience in catheter insertion and patient 
care. Since then, these providers have trained 
all the KCMC intensive care nursing staff in 
PD care, and two more physicians have been 
trained in all facets of the program, including 
catheter placement. In addition, a continuing 
support system using phone and Internet has 
been established with doctors from the United 
States and Canada to assist the local staff in 
diagnosis and treatment.
The availability of reliable laboratories to run 
basic tests is a necessity in order to immediately 
diagnose and treat life-threatening electrolyte 
and acid–base disorders. Emergency laboratory 
results must be available at all times to assist in 
treatment decisions. Assurance of proper qual-
ity controls with constant auditing is vital to 
success. At KCMC, the Sustainable Kidney Care 
Foundation (www.skcf.net), working with the 
University of Massachusetts–Lowell, provides 
pretested samples to run at the KCMC labo-
ratory to verify results as a continued quality 
control measure. A dedicated microscope and 
centrifuge for urinalysis were also provided.
Sustainability
No program of AKI treatment will survive that 
relies solely on donations, regardless of the num-
ber of experts and consumables. As has been seen 
numerous times, once the donated supplies are 
depleted, PD and HD programs end. We have 
proposed establishing a separate account within 
the hospital to track revenue generated from the 
acute PD program and obtaining a commitment 
from the hospital administration that these funds 
be available for the purchase of consumables. 
Without this commitment, any revenue gen-
erated from this program becomes part of the 
hospital general fund and is nearly impossible to 
retrieve when new supplies are needed. Another 
key to sustainability is staff. Continued training 
of physician and nursing staff is mandatory to 
maintain the program, as, inevitably, key peo-
ple move on. In Tanzania, treatment of AKI 
using PD was accepted for reimbursement by 
the National Health Insurance Program, which 
covers a segment of the population, and ongoing 
training programs for physicians and nurses are 
being established.
Results at KCMC
The program at KCMC is ongoing and is treating 
one to two patients per month. Perhaps surpris-
ingly, few children with AKI due to fluid loss 
have been seen, maybe because of the lack of 
referral within a treatable time frame as patients 
travel from remote villages. This has drawn our 
attention to the development of programs in 
villages within the hospital’s catchment zone, 
training the health-care worker in each village 
in the use of prophylactic electrolyte solution 
and in the detection of AKI with rapid referral 
to the hospital. Novel techniques, such as test-
ing for kidney failure by means of saliva urea 
dipstick, may aid timely diagnosis of kidney fail-
ure.3 Continued training is needed for health-
care workers in the hospital’s catchment zone 
to recognize AKI and quickly refer patients for 
treatment; ongoing medical education programs 
are being developed. Patients were selected for 
treatment on the basis of findings suggestive of 
AKI, including clinical history, urinalysis, sono-
graphic findings of kidney size and morphology, 
and urinary tract obstruction. The mean serum 
creatinine on presentation was approximately 
900 mmol/l (10.2 mg/dl), with a range of 233–
3574 mmol/l (2.6–40.4 mg/dl), and all those 
determined as acute patients were treated. No 
data are available on any patients who were 
referred but did not receive acute PD therapy. 
For all patients we used a single-cuffed silicon 
catheter, and for adult patients insertion was by 
a closed trocar method. Direct insertion by sur-
geons was used for the three pediatric patients. 
No complications were associated with catheter 
insertion. Prophylactic antibiotics were used 
in the dialysate after insertion. In the event of 
peritonitis, exit-site infection, or other causes of 
sepsis, antibiotics were prescribed.
Figure 1 | Catchment zone of Kilimanjaro Christian 
Medical Centre, United Republic of Tanzania.
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In children the volume of dialysate used was 
10 ml per kg body weight per treatment dwell. 
In adults, 1 liter every 2 hours of 1.5% glucose 
solution was used continuously for the first few 
days until 2 liters every 2 hours were tolerated 
(no leaking). Dwell times differed on the basis 
of clinical grounds. The average dwell time was 
3 hours, and this was increased to 4–6 hours 
until adequate urine output and creatinine 
decline commenced. Time to recovery varied 
from 5 to 40 days, averaging 12.4 days. Serum 
creatinine at discontinuation of dialysis ranged 
from 82 to 698 mmol/l (0.9–7.9 mg/dl) with a 
mean of 264 mmol/L (3.0 mg/dl).
Conclusion
The study demonstrated the feasibility of set-
ting up a PD program for AKI in a low-resource 
setting. Although the challenges of starting 
such an acute PD program are many, they are 
not insurmountable. A point that needs empha-
sizing is that a PD program to treat AKI with-
out the need for electricity and machines can 
be started even in extreme and low-technology 
conditions. The development of a PD program, 
as compared with an HD program, avoids the 
cost of machines, HD supplies, and water treat-
ment, making it a much less expensive program 
to set up and maintain. These programs can be 
sustainable only when governments can afford 
to make them a part of the national health-care 
budget. Many lives can be saved by the estab-
lishment of a program such as this that allows 
the treatment of AKI with PD.
DISCLOSURE
John G. Callegari, Mary Carter, Nathan W. Levin, and 
Peter Kotanko hold stock in Fresenius Medical Care. 
Karen E. Yeates has received honoraria from Baxter 
and Janssen-Ortho. All other authors declared no 
competing interests.
REFEREnCES
1. Naicker S. End-stage renal disease in sub-Saharan Africa. 
Ethn Dis 2009; 19(Suppl 1): S1-13–S1-15.
2. El Matri A, Elhassan EAM, Abu-Aisha H. Renal replacement 
therapy resources in Africa. Arab J Nephrol Transplant 
2008: vol 1. <http://ajol.info/index.php/ajnt/article/
viewFile/58814/47137>.
3. Raimann JG, Kirisits W, Gebethsroither E et al. Saliva urea 
dipstick test: application in chronic kidney disease. Clin 
Nephrol 2011; 76: 23–28.
